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(57) Abstract 

Lower contact and interconnect metallization series re- 
sistance on semiconductor devices is achieved while avoiding 
the material and process incompatibility problems of the prior 
art by utilizing a composite metallization (42, 44, 49) strucmre 
employing two superposed intermetallic layers (44, 49) of dif- 
ferent properties. The first intermetallic (44) is chosen for high 
conductivity and compadbility with the device interfaces. The 
second intermetallic (49) functions as a conductive protective 
'cap' and is chosen for conductivity and compatibility with 
subsequent process steps. The two intermetallics (44, 49) must 
also be compatible. For silicon devices the preferred first and 
second intermetallics arc respectively, silicon rich titanium sil- 
icide and titaniu m nitride, but other materials are also useful. 
Polycrystalline silicon (42) is desirable for a base layer under 
the first intermetallic (44) in certain device structures such as 
MOS gates. The composite metallization is prepared by a lift- 
off technique. 
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LOW RESISTIVITY COMPOSITE METALLIZATION FOR 
SEMICONDUCTOR DEVICES AND METHOD THEREFOR 

Technical Field 

5 

This invention relates to metallization systems for 
semiconductor devices and, more particularly, to the 
structure, composition and formation of a composite 
metallization having low resistivity, good thermal and 
10 chemical stability, and protective properties for use with 
devices and integrated circuits, especially very large 
scale integrated circuits* 



15 



Background of the Invention 



There is an ongoing desire to realize semiconductor 
devices and integrated circuits able to operate at higher 
speed, complexity, and power density. Heretofore, the 
achievable performance has been typically limited by the 

20 geometry and doping profiles of the various active 

semiconductor regions necessary for the device or circuit 
functions. Improvements have been made principally by 
scaling down the size of these active regions. Silicon 
based power devices operating at gigahertz frequencies and 

25 large scale integrated circuits containing in excess of a 
hundred thousand active devices are examples of the current 
state of the art. As used herein "device" refers to single 
devices or multiple devices commonly referred to as inte- 
grated circuits. A device may have two or more terminals 

30 and consist of semiconductor regions, dielectric regions 
and/or metal regions. 

Device theory predicts that further improvements in 
speed and complexity can be achieved by further seal 1 ng to 
smaller dimensions. However, it has been discovered that 

35 interconnect and contact metallization resistance has now 
become a significant factor in limiting device and circuit 
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performance in scaled structures. Series "metallization" 
resistance is particularly a concern where poly crystal 1 i ne 
semiconductor materials are employed for device electrodes 
and device interconnects, as in very large scale integrated 
5 (VLSI) and ultra-high frequency (UHF) structures employing 
metal^oxide-semlconductor (MOS) devices. As used herein, 
"metallization" refers to the conductive materials employed 
for contacting or interconnecting semiconductor devices or 
other circuit elements whether formed from metals, semi- 

10 conductors, interrnetal 1 ic compounds or combinations or 
composites thereof. As used herein, "poly" refers to 
polycrystal line materials, typically polycrystal 1 i ne 
semiconductors. For example, poly-silicon denotes 
polycrystal 1 Ine silicon. Further, "interrnetal 1 1c" as us^d 

15 herein refers to conductive compounds which have resis- 
tivity substantially intermediate between metals and 
semiconductors and which are formed of one or more 
substantially metallic elements plus another elements For 
example, compounds such as metal borides, carbides, 

20 nitrides and silicides provide numerous i ntermetal 1 1 cs . 
Doped polycrystal! i ne silicon is much used for 
metallization purposes despite its relatively high 
resistivity (typically 1000 uohm-cm) because of its many 
other favorable and convenient properties. It is well 

25 known that series resistance of polysllicon contact or 
interconnect metallization layers can be reduced by 
combining them with or replacing them by lower resistivity 
interrnetal 1 1c compounds such as 1 ntermetal 1 1c metal- 
silicides. A wide range of elements can form potentially 

30 useful silicides. Ti t ani um-si 1 i ci de is a particularly 

attractive candidate because its resistivity (approximately 
20 yohra-cm) is very much less than pel ycrystal 1 i ne silicon 
and it appears to be compatible in other ways with silicon 
device processing requirements. An extensive discussion of 

35 the properties of various metal 1 i c-si 1 i ci des and 

particularly ti tani um-s i 1 i ci de for use in semiconductor 
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devices and circuits is given by S.P. Murarka, "Refractory 
Silicides for Integrated Circuits", Journal of Vacuum 
Science and Technology, July/August 1980, pages 775-792, 
and by S*P. Murarka and D-B. Fraser, "Silicide Formation in 
5 Thin Cosputtered (Titanium and Silicon) Films on Polycrys- 
talline Silicon and Si02'\ Journal of Applied Physics, 
Volume 51, January 1980, pages 350-356. 

Several major difficulties are encountered when an 
intermetallic metal silicide such as ti tani um-si 1 i ci de is 

10 introduced into a device or integrated circuit structure. 
First, the substances which etch the silicide also etch 
oxide layers or poly-silicon layers present on the device, 
making it extremely difficult to achieve uniform delinea- 
tion of fine geometries across large wafer areas without 

15 damage to other material regions. Second, the silicide 
layers are in tension so that during subsequent thermal 
cycles a ridge or "beak" forms at the.edge of the silicide 
region which is difficult to bridge. This leads to open 
circuits or short circuits in superposed dielectric and 

20 metal layers* Thirdly, most silicides react on exposure to 
hot oxidizing atmospheres encountered in subsequent device 
processing and form higher resistivity or Insulating layers 
which can negate the purpose to reduce series and contact 
resi stance. 

25 Various pattern forming techniques such as wet 

chemical etching, dry (plasma) etching, and lift-off 
pattern generation have been tried or considered for use 
with silicides, but without sufficient success for 
practical application. Thus, fine geometry, low resis- 

30 tivity, stable metanization layers compatible with 

subsequent device or circuit processing steps have yet to 
be achieved. 

Accordingly it is an object of this invention to 
provide an improved contact and interconnection metalliza- 
35 tion structure for use on semiconductor devices and 
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integrated circuits, particularly silicon MOS-VLSI 
circuits* 

It is a further object of this invention to provide an 
improved contact and interconnect metallization structure 
5 for semiconductor devices and circuits, having lower 
resistivity to the flow of electrical currents- 

It is an additional object of this invention to 
provide a metallization structure with improved resistance 
to etching and oxidation, and improved mechanical 
10 properties so as to facilitate subsequent fabrication 
steps* 

It is a further object of this invention to provide a 
method for the fabrication of an improved metallization 
system for semiconductor devices and circuits* 
15 It is a still further object of this invention to 

provide an improved method for the fabrication of a 
composite metallization system for semiconductor devices 
and circuits using an improved lift-off technique. 

20 Summary of the Invention 

These and other objects and advantages are achieved in 
accordance with the present invention wherein a composite 
metallization structure is provided comprising an optional 

25 but desirable base layer compatible with the underlying 

device surface, a first superposed conductive i ntermetal 1 i c 
layer, plus a second superposed conductive and protective 
intermetal lie (cap) layer different from said first layer 
which facilitates contact to the first layer, inhibits 

30 oxidation, provides etch protection, and controls tensile 
strain* 'On silicon semiconductors, poly-silicon is a 
preferred base layer, titanium silicide a preferred first 
intermetal 1 ic layer and titanium nitride a preferred second 
intermetal 1 ic layer. The present invention further 

35 includes a method for fabricating the desired structure by 
an improved lift-off technique wherein the desired layers 
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are non-uniform in thickness, being thinner where lift-off 
separation is to occur. 

Brief Description of the Drawings 

5 

FIG. 1 shows a simplified, idealized cross-section of 
a portion of an MOS integrated circuit. 

FIG. 2A-C shows a simplified cross-section of the gate 
region of a single MOS device using a polycrj^stall i ne 
10 silicon base 1 ayer/si 1 i c1 de composite metallization of the 
prior art. 

FIG. 3A-C shows a simplified cross-section of the gate 
region of a single MOS device using an Intermetall 1c 
composite metallization of the present invention. 

15 FI6. 4A-H shows a simplified cross-section of a single 

MOS gate composite metallization during several formation 
Steps of the present Invention. 

FIG. 5A-B shows a schematic representation of the 
deposition geometry for producing non-uniform deposits in 

20 resist openings on a semiconductor wafer to facilitate 
lift-off. 

Detailed Description of the Preferred Embodiment 

25 FIG. 1 shows an idealized cross-section of portion 10 

of an MOS integrated circuit comprising silicon substrate 
11 having diffused regions 12, thin (gate) oxide region 13 
and field oxide region 14. Composite first metallization 
layer ISa-c comprises gate region 15a, contact region 15b, 

30 and interconnect region 15c. Dielectric region 16 covers 
first metallization 15a-c and Isolates second metallization 
layer 17 except at through-holes 18 and 21. Passivation 
dielectric layer 19 seals and protects the overall 
structure. External connections (not shown) are made to 

35 contact pads in layer 17 exposed through holes 20 in 

passivation layer 19. The composite metallization of the 
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present invention is useful for any or all of metalliza- 
tions 15a, 15b, 15c and 17. 

FIG. 2A-C shows a simplified cross-section of the gate 
region of a single silicon MOS transistor having a 
5 composite poly-silicon plus silicide metallization of the 
prior art, during various stages of processing* In 
FIG. 2A, silicon substrate 30 has thereon thin gate oxide 
layer 31, uniform poly-silicon layer 32, and uniform 
interffletalMc silicide layer 33 which is to be etched by 
10 any convenient means to form silicide gate region 34. 

Poly-silicon base layer 32 provides a well characterized 
and well controlled interface 39 to thin gate oxide layer 
31. Additionally, layer 32 should have sufficient 
thickness to prevent diffusion of material from inter- 
15 metallic silicide layer 34 to interface 39 with the oxide. 
Typical prior art thickness values for layer 32 are in the 
range 100-200 nm. In FIG. 2B, silicide layer 33 and 
. poly-base layer 32 have been preferentially etched so as to 
form silicide gate region 34 and poly-silicon gate region 
20 35. Under-cut region 36 occurs because poly 32 etches more 
rapidly than the silicide 33. Use of anisotropic etch 
techniques such as ion-milling are not practical because 
they do not stop automatically on reaching oxide layer 31, 
>fh1ch Is thin (e.g. 30-120 nm) and easily damaged. In 
25 FIG. 2C, doped source-drain regions 38 have been formed, 
typically by ion implantation. When the device undergoes 
subsequent heat treatment or annealing in the range 
700-1200^C, the residual tensile stress present in silicide 
region 34, produces strain in the form of ridges or "beaks" 
30 37. The combination of undercut 36 and beaks 37 are 

difficult to bridge, so that when dielectric layer 16 and 
metallization 17 of FIG. 1 are applied, short circuits or 
discontinuities occur causing devi ce mal f uncti on. 

FIGURES 3A-C illustrate a preferred embodiment of an 
35 improved device structure in accordance with the present 
invention which avoids the difficulties of the prior art 
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device of FIG. 2- In FIG. 3A, silicon substrate 30 has 
thereon thin gate oxide layer 31, and optionany, substan- 
tially uniform polysilicon base layer 42a to control 
properties of interface 39 against oxide layer 31* First 
poly-base layer 42a may be as thin as a few atom layers 
since it need not act as a diffusion barrier to inter- 
metallic 44. This function is accomplished by thicker 
second polysilicon base layer 42b which is substantially 
homogeneous with layer 42a. It will be apparent to those 
of skill in the art that, while the formation (FIG. 3A-B) 
of poly layer 42 In two steps consisting of a uniform first 
base layer 42a surmounted by patterned second base layer 
42b may be desirable from the point of view of sealing 
oxide-poly interface 39 prior to any pattern determining 
steps, it is not essential and uniform first base layer 42a 
may be omitted (FIG. 3C). 

Poly base layer 42 has thereon first i ntermetal 1 i c 
silicide layer 44 chosen for its low conductivity and 
compatibility to underlying semiconductor or dielectric 
layers, and second i ntermetal 1 ic protective cap 49 chosen 
for its conductivity and protective properties, e.g., 
resistance to etching and oxidation, and ability to control 
tensile strain. As used herein, "protective" refers to the 
ability of the second intermetallic layer to protect 
underlying films against oxidizing ambients and etching 
arabi ents encountered during subsequent processing of the 
device or semiconductor wafer being treated by inhibiting 
these oxidizing or etching reactions, and the ability to 
control strain to avoid formation of "beaks" and other 
stress induced surface asperities, whether these effects 
occur singly or in combination. 

Titanium silicide is the preferred choice of material 
for conductive intermetallic layer 44. However inter- 
metallic silicides of Zr, Hf, V, Nb, Ta, Cr, Mo, W, Fe, Co, 
Ni, Pt, and Pd are also useful. Of these, Ti , Ta, Mo, and 
W form silicides having resistivity less than doped poly- 
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silicon and rainimum binary eutectic alloy melting 
temperatures exceeding 1300°C, This is a desirable 
combination of properties. 

Titanium nitride is the preferred choice of material 
for conductive and protective 1 ntermetal 1 i c layer 49, 
although other materials such as tantalum nitride or 
zirconium nitride can also serve. Titanium nitride has the 
advantages of being reasonably conductive (approximately 
22 vohm-cm) and not readily attacked by buffered HF, HCl , 
H2O2-H2SO4, or halogen bearing liquids or gases. It is 
also stable with respect to the preferred titanium-si 1 i cide 
up to 1200**C in an oxidizing atmosphere and not degraded by 
an oxidizing ambient up to 120O'*C. Further it is able to 
provide a diffusion barrier between first i ntermetal 1 ic 
layer 44 and any subsequent metallization which may be 
superposed, as for example, aluminum metal as layer 17 of 



FIG, 3B shows the structure following removal of 
uniform first poly-base layer 42a. Any convenient etching 
method may be used, such as wet chemical etching, plasma 
etching, sputtering, ion-milling, or reactive ion etching. 
It is desirable to choose a preferential etch such as a 
chlorine compound which attacks the poly-silicon more 
rapidly than nitride cap 49 or oxide layer 31. Suitable 
etchant means are well known in the art. Undercut 46 is 
minimized (FIG. 2B) by keeping layer 42a thin, or avoided 
(FIG. 2C) by omitting layer 42a. 

In Fig. 3C, doped source-drain regions 38 have been 
formed as in FIG. 2C, and the device heat treated or 
annealed at 700-1200**C. No ridges or "beaks" form because 
protective cap 49 stabilizes silicide layer 44. FIG. 3C 
illustrates the structure obtained by forming base layer 42 
in a single step, omitting uniform first poly-base layer 
42a. This substantially eliminates undercutting since 
cap 49 covers sides 51-52 of first i ntermetal 1 i c 44 and 
poly-base layer 42. It will be apparent to those of skill 
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in the art that other layers can be added to the structure 
of FIGS. 3B-C to provide a completed device, as in FIG. 1. 

The prior art structure of FIG. 2 has not proven 
practical for reducing contact and interconnection resis- 
tance on semiconductor devices because it has not been 
possible to find a single i ntermetal 1 ic (e.g. silicide) or 
poly-base layer plus i ntermetal 1 i c composite with the 
needed combination of resistivity, etch resistance or 
selectivity, thermal and chemical stability (e.g. oxidation 
resistance), mechanical properties (e.g. thermal expan- 
sion), and compatibilty with the sensitive surfaces and 
materials inherent in the device structure. The structure 
Illustrated in FIG. 3 avoids the limitations of the prior 
art by using a multi-layer composite structure wherein the 
base layer and first i ntermetal 1 ic are chosen to optimize 
the interface compatibility with the device and to reduce 
series resistance, while the second 1 ntermetal 1 ic protec- 
tive cap is chosen to optimize interactions with subsequent 
processing steps (etching, oxidation, heat treatment, etc.) 
and coupling to the external contacts. Additionally the 
two i ntermetal 1 ics must be mutually compatible metallur- 
gically, chemically, mechanically, and electrically. It 
has been discovered that for silicon based systems, 
titanium-silicides and titanium-nitrides form a compatible 
and preferred set of materials for the first and second 
intermetal 1 ic respectively. 

FIG. 4A-H illustrates a preferred method of fabrica- 
tion of the invented structure for the case of a gate 
region of a silicon based MOS device. Both FIG. 3 and 
FIG. 4 are Intended as non-limiting examples. It will be 
apparent to those of skill in the art that the Invented 
structure and method are useful for forming other contact 
and interconnect regions and for other semiconductor 
material combinations. 

In FIG. 4A-B, silicon semiconductor wafer 60 has 
prepared thereon silicon dioxide dielectric layer 61. In 
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this example, layer 61 acts as the gate insulator of an MOS 
device. Layer 61 Is typically 15-150 nm thick, the 
particular value being chosen by well known methods to give 
particular electrical characteristics. It is preferred 
5 that a cleaning step be performed to insure that oxide 

interface 65 Is free from contaminants. Thin substantially 
uniform first polycrystall 1 ne semiconductor (e.g. silicon) 
base layer 62a Is coated (formed) on oxide layer 61. The 
thickness of first base layer portion 62a Is usually in the 
10 range from a few atom layers (0.5-1.0 nm) to several 
hundred nanometers, preferably in the range 20-30 nm. 
Layer 62a serves to stabilize interface 65, and may be 
doped n or p-type to yield specific device characteristics. 
While first base layer 62a Is preferred for the sake of 
IS cleanliness, it is not essential and may be omitted. 

Pattern forming layer 63 is applied (FIG. 4C) to cover 
the wafer surface. The wafer surface can include 
semiconductor regions, oxide or other dielectric regions, 
metallized regions or combinations thereof. Typically an 
20 oVganic resist having a thickness in the range 0.5 to 

2.5 vm, preferably 1 to 1.5 vm. Is applied and patterned to 
give open region (hole portion) 64 and protected regions 
(lift-off portion) 66. The hole portion open regions 
penetrate to the underlying wafer surface and correspond in 
25 size and shape substantially to the circuit, device or 
interconnect areas where metallization Is desired to be 
formed. Width 68 of hole portion 64 substantially deter- 
mines the width of the finished metallization pattern. 

It is preferred but not essential that side wall faces 
30 67 of opening 64 be vertical or slope outward, away from 
the opening. Inward sloping (toward. the opening) of faces 
67 by more than 10-15° with respect to the surface normal 
should be avoided. Techniques for forming dieljectric layer 
61, uniform first poly-base layer 62a and resist layer 53, 
35 for cleaning interface 65, and for patterning resist layer 
63 to form open regions (hole portion) 64 and closed 
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regions (lift-off portion) 66 are well known per se in the 
art. Conventional positive photoresist gives faces 67 
which typically have an Inward sloping angle of lO-lS** with 
respect to the surface normal. This is satisfactory, but 
5 less desirable than vertical or outward sloping faces which 
can be obtained by utilizing two superposed layers of 
resist 63a and 63b having slightly different sensitivity or 
solubility so that region 64b opens more than 64a. Only 
one pattern exposure step Is required. 

10 In FIG. 40, second poly base layer portion 62b is 

applied over the wafer, covering resist regions 66 
(lift-off portion) and also forming on the surfaces exposed 
in opening 64 (hole portion). Thickness in the range 
0-200 nm is useful, while 20-30 nra is preferred. The layer 

15 may be doped n or p type to yield specific device charac- 
teristics. The deposit formed in opening 64 is thinner 
adjacent to side walls 67, taper1n*g toward substantially 
zero thickness- Combined polycrystall i ne base layer 62 
formed of first base layer 62a and second base layer 62b In 

20 opening 64 should be of sufficient total thickness, in the 
range less than 300 nm to stabilize interface 65 and 
inhibit diffusion of other elements from superposed inter- 
metallic layers 69 and 70 during subsequent processing 
(heating) steps. It has been found that 15 to 60 nm gives 

25 good results and is preferred. While it is convenient in 
maintaining interface cleanliness to form layer 62 in two 
steps to give layers 62a and 62b, this is not essential. 
Base layer 62 may be formed entirely of uniform first base 
layer 62a, entirely of patterned second base layer 62b, or 

30 a combination of 62a and 62b. Additionally, while it has 
been found that poly base layer 62 is desirably present in 
MOS gate regions because the properties of poly-silicon are 
well known and controlled, it Is not essential. Useful 
devices, contacts and/or interconnects can be obtained when 

35 poly layer 62 is omitted or converted partially or wholly 
to an intermetallic during subsequent process steps. 
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First and second intermetallic layer 69 and 70 are 
deposited over the wafer surface, covering poly base layer 
62b (if present) on resist lift-off portions 66 and also 
forming on the surface exposed in opening (hole portion) 
64. The deposits applied, established and/or formed in 
opening 64 taper toward zero thickness adjacent to side 
walls 67, so that layer 70 conformally coats layers 69 and 
62b in hole portion 64. The thickness of layer 69 is 
chosen» based on the measured resistivity, to give the 
desired series resistance. The thicker the layer, the 
lower the resistance. There is little benefit in using a 
thickness greater than that required to give the desired 
resistance in the completed metallization, since thicker 
layers make formation of fine line geometry more 
difficult. 

Titanium sllicide is preferred for first intermetallic 
layer 69^ but silicides of other materials (e.g- Zr, Hf, V, 
Nb, Ta, Cr, Mo, W, Fe, Co, Ni , Pt and Pd) can also serve. 
However, some (e.g. Ni , Pt, Pd) will have restricted 
temperature ranges. The titanium sllicide is generally 
silicon rich with an average composition TiSi^* with x in 
the range one to five, but the range 2-5 to 3.5 is 
preferred. For x less than or equal to two, the oxidation 
resistance was observed to degrade, and for x greater than 
or equal to four, the sheet resistance increases. Titanium 
sllicide layers having thicknesses In the range 50-500 nm 
are useful, and 200-400 nm are preferred. 

Titanium nitride (TiNyl is the preferred material 
for second intermetallic protective cap layer 70. A 
minimum thickness of approximately 20 nm is found to give 
useful etch resistance, oxidation resistance, and Inhibit 
"beak" formation. Typical thicknesses are in the range 
60-80 nm for protective cap 70, but little advantage is 
gained by increases beyond about 100 nm. A total thickness 
of layers 62, 69 and 70 in the range 300-600 nm is a useful 
compromise between the requirements for reasonable sheet 
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resistance, for example, approximately one ohm per square, 
and the ability to achieve sub-micron line widths. A 
typical structure utilizing approximately 50 nm of 
poly-silicon as the base layer, 300 nm of titanium silicide 
as the first 1 ntermetal 1 i c layer and 60 nm of titanium 
nitride as the second intermetallic layer gave composite 
metallization sheet resistance values of 0.9 to 1.2 ohms 
per square. This is substantially improved over the values 
of 20 to 25 ohms per square typically obtained for 
comparable (total) thicknesses of doped poly alone. 

Vacuum deposition is the preferred method of 
establishing poly crystal 1 i ne base layer 62b and forming 
first intermetallic layer 69. Both layers can be prepared 
during a single pump-down by energizing a silicon source to 
deposit poly-base layer 62b (if desired) and then 
co-energizing a titanium source to co-deposit titanium and 
silicon to form the silicide. This method is particularly 
flexible and permits the deposition ratio x in the compound 
TiSix to be easily controlled and varied. Other deposi- 
tion methods such as sputtering may also be used, provided 
the substrate temperature remains sufficiently low to avoid 
thermal damage to resist lift-off portion 66 present on the 
wafer. 

Sputtering is the preferred method of forming the 
titanium nitride, this being carried out in a nitrogen 
containing atmosphere using a titanium target. It is 
believed that the composition approximates TIN (e.g. y=l). 
Other methods of formation, such as vacuum evaporation can 
also be used, so long as resist regions 66 are not damaged 
thereby. 

The methods of preparation of layers 62b, 69, and 70 
are important since Improved lift-off characteristics and 
protective properties of the structure are obtained by 
arranging for layers 62b and 69 In opening 64 to be 
generally convex In shape, tapering toward zero thickness 
adjacent to side wall faces 67 of resist regions 66. This 



BNSDCXSIO: <WO_8a03948A1 J.> 




wo 82/03948 



PCT/US82/00472 



-14- 

is accomplished by carrying out the formation of layers 62b 
and 69 In a vacuum deposition system where the evaporation 
sources are not fixed coaxially with respect to the axis of 
the surface normal extending from the center of opening 64. 
5 FIG. 5A illustrates a desired geometrical arrangement of a 
substantially point source 80, wafer substrate 81, and 
relative motion 82 during evaporation to obtain a tapered 
deposit in region 64 as a result of the shadowing of 
evaporation source 80 by the side walls 67 of resist 

10 regions 66* It is preferred that relative motion exist 

between source 80 and substrate 81 so that central portion 
84 of opening 54 Is substantially constantly exposed to 
source 80, while side portions 86 are shadowed by side 
walls 67 during a part of the evaporation step* The rela- 

15 tive motion may be rotary, translatory or a combination. A 
substantially point source Is desirable but not essential. 
A planetary system for rotating substrate 81 relative to 
source 80 gave satisfactory results. 

FIG. 58 shows schematically profile 85a-c of a cross 

20 section of a resulting deposit at different stages of 

growth or after deposition of successive layers 85a, 85b, 
and 85c. The cross section tapers toward zero thickness 
from the central region toward the edges of the layer near 
side walls 67. Film thickness values given herein for 

25 films produced according to the methods of this invention 
or used In the Invented structure correspond to the 
"central thickness", 1*e*, the thickness of central region 
85a-c of the layers. Ordinarily the thickness of regions 
87a-c and central regions 85a-c will be the same. 

30 While evaportion Is preferred, sputtering can also 

produce tapered deposits because of wall shadowing. 
Because of the tapered deposits, layer 70 of FIG. 4 
conformally coats underlying layers 62b and 69. in opening 
64, producing the desired "cap" structure. The tapered 

35 structure also provides (FIG. 5B) an easy break line 

between deposits 87a-c on lift-off portion resist regions 
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66 and deposits 85a-c in hole portion opening 64 so that 
lift-off is effected cleanly. This improves manufacturing 
yield. While a planetary evaporation system was found to 
give satisfactory results, it will be recognized by those 
5 of skill in the art that a wide variety of source-substrate 
geometries exist, with or without relative motion, that 
will give deposits having a break or thin region in the 
deposit on or adjacent to side walls 67, and varying 
amounts of taper on deposits 85a-c within region 64. 

10 Following formation (FIG. 4D) of layers 69 and 70, 

lift-off portion resist regions 66 are eliminated or lifted 
off by dissolution in appropriate solvents well known in 
the art. Those portions of layers 62b, 69, and 70 lying on 
resist regions 66 are thereby also lifted-off, leaving 

15 desired metallization shape 71 as In FIG. 4E, and exposing 
those regions 74 of layer 62a which lay under resist 
lift-off portions 66. FIGURE 4F shows the structure after 
removing portions 74 lying under lift-off portion 66. 
Portions 74 of layer 62a may be removed by etching using 

20 methods well known in the art. No separate masking 

operation is required since cap layer 70 substantially 
protects the top and sides of layers 69 and 52b of 
composite metallization 71. Undercutting into region 75 of 
layer 62a located under region 62b of met al 1 i zat i on 71 i s 

25 minimized since layer 62a can be made thinner than in the 
prior art. 

Alternatively, region 74 of layer 62a may be removed 
by converting regions 74 to oxide (e.g. Si02) regions 76 
by, for example, heating the device structure in an 

30 oxidizing atmosphere (see FIG. 4G). Intermetal 1 i c 

protective cap layer 70 substantially protects thie top and 
sides of layers 69 and 62b of composite metallization 71 
and inhibits oxidation thereon. There is no significant 
oxidation of region 75 of layer 62a underlying region 62b 

35 of FIG. 46. Oxidation extends substantially to boundary 77 
of region 75 underlying surface 78 of region 70. A 50 nm 
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poly-silicon layer is readily oxidized at SOO^'C in one hour 
in dry oxygen. Other oxidation means well known in the art 
can also be used. Oxide regions 76 may be retained as a 
convenience for use in subsequent processing steps or 
5 selectively removed by methods well known In the art, for 
example, by using a preferential etchant which does not 
attack the poly-silicon. With this approach there is 
substantially no undercutting into region 75 of layer 62a 
in raetanization 71. 
10 The structure obtained by forming portion 62b alone is 

illustrated In FIG. 4H. Protective cap layer 70 substan- 
tially covers the top and sides 79a-b of layers 69 and 62. 
Source-drain diffusions 72 are typically provided by ion 
implantation using composite metallization 71 as an implant 
15 mask, however other means can be used. There is further 
illustrated in FIG- 4H the provision of dielectric 
insulating layer 90 formed in conjunction with or subse- 
quent to layer 70 by the same general technique used to 
form layers 62b, 69 or 70 in FIG. 4A-6. Examples of means 
20 and materials for implementing layer 90 are plasma 

activated chemical vapor deposition or evaporation or 
sputtering of. SiO^, reactive sputtering of silicon in 
oxygen or nitrogen to produce SIO2 or SisN^, or 
evaporation of silicon followed by oxidation to SiOg* 
25 Insulating layer 90 Is convenient In subsequent processing 
steps to avoid shorts to source-drain contacts of MOS 
devices. SIO2 is a preferred material. The formation 
and presence of layer 90 does not Interfere with the 
removal of regions 76 previously described. 
30 Composite metallization 71 corresponds to metalliza- 

tion regions 15a-c of FIG. 1, some portions {15a) being 
formed over gate oxide, some portions (15b) being formed 
directly on the semiconductor and some {15c) being formed 
on thick oxide. Conventional and well known processing 
35 steps are used to provide regions or layers 12, 13, 14, 16, 
17 and 19 and contact regions 18, 20 and 21 of FIG. 1. It 
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Is preferred that processing steps for composite metalliza- 
tion of titanium silicides and titanium nitrides include a 
heating cycle In a non-reducing ambient to temperatures up 
to 1200*^C to sinter or anneal the deposited i ntermetal 1 1c 
materials to reduce their resistance. This sintering or 
annealing may be performed at any time during the 
subsequent processing, but where Ion Implantation Is 
utilized, the post-Implant anneal to remove Implant damage 
conveniently serves to sinter or anneal the Intermetal 1 ic 
as well. While the sintering or annealing step may be 
omitted, lower composite metal 1 1 zatron sheet resistance is 
obtained by s 1 nteri ng/anneal i ng« It has been found that 
heating the poly-s1 1 Icon/tl tani urn si 1 Iclde/tltani urn nitride 
composite metallization to 750**C in nitrogen serves to 
produce low and stable resistance values-. Sinter or 
annealing temperatures for other 1 ntermetal 1 1 cs may be 
readily determined. 

While formation of the first intermetallic layer by 
co-deposition of Its elements is the preferred method, it 
will be recognized that in-situ formation can also be used. 
In this alternative, an Intermetallic creating layer (e.g. 
Ti) is deposited in the desired metallization areas and 
reacted in place by heating to form a slllcide with a 
polycrystall 1 ne semiconductor base layer or single crystal 
semiconductor region which lies beneath. A titanium 
intermetallic creating layer reacts with silicon to form 
titanium silicides upon heating to temperatures in the 
range 500-1200*0, with 750-1000**C preferred. Appropriate 
temperature ranges for other intermetallic creating layers 
and/or serai conductor combinations can be readily 
determined. The step of heating to react the intermetallic 
creating layer to form the corresponding intermetallic may 
be performed before or after deposition of the second 
intermetallic layer. A non-oxidizing atmosphere is 
preferred for reacting prior to deposition of the second 
Intermetallic, and a non-reducing atmosphere is preferred 
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for reacting after deposition of the second i ntermetal 1 ic. 
Those portions of the intermetallic creating layer 
overlying non-reactive dielectric areas (e.g. Si02. 
Si3N4) are expected to remain metallic and conductive, 
5 and fulfill the same function of providing conductive paths 
as would the co-deposited intermetallic in those same 
regions. 

Similarly, while the process has been illustrated by 
use of an organic resist as the pattern forming layer, it 
10 will be apparent to those of skill in the art, that other 
materials can be used provided that they can be selectively 
dissolved to accomplish the removal (lift-off step), 
without significantly attacking those materials desired to 
be retained on the surface. 

15 Thus there has been provided by the present invention 

an improved contact and interconnect metallization 
structure for semiconductor device and circuits, which has 
lower resistivity to- the flow of electrical current, which 
has improved resistance to etching and oxidation to 

20 facilitate subsequent processing steps, and which avoids 

formation of ridges or "beaks" of the prior art. There has 
been further provided by the present invention an improved 
process for the formation of a composite intermetallic 
metallization system for semiconductor devices and 

25 circuits, particularly by an Improved lift-off technique. 
While the present Invention has been described in 
terras of particular device structures and material 
combinations it will be apparent to those of skill in the 
art that the concepts apply to a wide range of devices and 

30 structures, as for example, MOS devices, bipolar devices, 
unipolar devices, field effect devices, opto devices, 
thyristors, capacitors, diodes, device contacts, device 
Interconnects, etc., and can employ a wide range of 
material combinations. Accordingly, it is intended to 

35 encompass all such variations which fall within the spirit 
and scope of the present Invention. 
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Claims 

1. A semiconductor device having a composite metalliza- 
tion structure comprising: 
5 a first layer of conductive intermetallic material 

formed on a portion of said device; 

a second layer of protective and conductive inter- 
metallic material different from said first layer, said 
second layer covering said first layer for providing a 
10 protective cap and facilitating electrical connection to 
said first layer; and 

wherein the combination of said first and second layer 
form said composite metallization. 

15 2. The device of claim 1 wherein said semiconductor 
device comprises silicon and said first layer consists 
essentially of silicon combined with a metal selected from 
the group consisting of T1 , Zr, Hf, V, Nb, Ta, Cr, Mo, W, 
Fe, Co, Ni , Pt and Pd. 

20 

3. The device of claim 2 wherein said first layer 
consists essentially of silicon combined with a metal 
selected from the group consisting of Ti , Ta, Mo, and W, 
and wherein said second layer consists essentially of T1 , 

25 Ta or Zr combined with nitrogen. 

4. The device of claim 3 wherein said first layer 
consists essentially of TiSix where x is in the range 2.5 
to 3.5, and wherein said second layer consists essentially 

30 of a compound of titanium and nitrogen. 

5. The device of claim 4 wherein said first layer is 
non-uniform in thickness, having a cross-section which 
tapers toward zero thickness from a central region of the - 

35 cross-section toward the edges of the cross-section of the 
layer. 
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6. The semiconductor device of claim 5 further comprising 
a base layer of polycrystal 1 1 ne semiconductor material 
formed on a portion of said device, under a portion of said 
first layer of conductive Intermetallic material; and 

5 wherein said first layer of conductive intermetallic 

material has a resistivity lower than said polycrystal 1 i ne 
semiconductor material. 

7. A process for fabricating a composite metallization 
10 for semiconductor devices comprising: 

providing a semiconductor wafer having a major surface 
containing areas to be contacted by said composite 
metal 1 izati on; 

coating said major surface with a first 
15 polycrystal! i ne serai conductor base layer; 

covering said first base layer with a pattern forming 
layer; 

patterning said pattern forming layer to provide a 
hole portion and a lift-off portion, said hole portion 
20 comprising openings substantially coincident with said 

areas to be contacted and having side walls penetrating to 
said first base layer, and said lift-off portion 
corresponding substantially to areas not to be contacted; 
applying a second polycrystal 1 i ne semiconductor base 
25 layer In said hole portion and over said lift-off portion 
of said pattern forming layer; 

establishing a first Intermetallic conductive layer on 
said second base layer; 

forming a second intermetallic conductive and 
30 protective layer different than said first intermetallic 
layer on said first intermetallic layer; 

lifting-off said lift-off portion of said pattern 
forming layer and first superposed portions thereon of said 
second base layer, said first intermetallic layer and said 
35 second intermetallic layer; 
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exposing as a result of said removing step, portions 
of said first base layer substantially underlying said 
lift-off portion; 

removing said exposed portion of said first base 
5 layer; 

leaving intact on said major surface a second 
superposed portion of said first and second base layer, and 
first and second i ntermetal 1 i c layers corresponding 
substantially to said hole portion, said second superposed 

10 portion forming a composite; 

heating and cooling sai d composite to anneal, said 
heated and cooled composite comprising said composite 
metal 1 ization; and 

wherein said applying and establishing steps comprise 

15 non-uniformly applying and establishing said second base 
layer and first 1 ntermetal 1 i c layer so that in said hole 
portion, said second base layer and first intermetal 1 i c 
layer have a cross section which tapers toward zero 
thickness in directions from a central region of said hole 

20 portion toward said side walls of said hole portion. 

8. A process for fabricating a composite metallization 
for semiconductor devices comprising: 

providing a semiconductor wafer having a major surface 
containing areas to be contacted by said composite 
metallization; 

covering said major surface with a pattern forming 
layer; 

patterning said pattern forming layer to provide a 
hole portion and a lift-off portion, said hole portion 
comprising openings substantially coincident with said 
areas to be contacted and having side walls penetrating to 
said major surface, and said lift-off portion corresponding 
substantially to areas not to be contacted; 



BNSOCX;ia <WO_8203948A1 J_> 



25 



30 



OMPI 



iro 82/03948 




PCT/US82/00472 



-22- 

applying a pol ycrystall i ne semiconductor base layer 
in said hole portion and over said lift-off portion of said 
pattern forming layer; 

establishing a first i ntermetal 1 i c conductive layer on 
5 said base layer; 

forming a second i ntermetal 1 i c conductive and 
protective layer different than said first i ntermetal 1 i c 
layer on said first i ntermetal 1 ic layer; 

llfting-off said lift-off portion of said pattern 
10 forming layer and first superposed portion thereon of said 
base layer, said first 1 ntermetal 1 ic layer and said second 
i ntermetal lie 1 ayer ; 

leaving intact on said major surface a second 
superposed portion of said base layer, and first and second 
15 intermetall 1c layers corresponding substantially to said 
hole portion, said second superposed portion forming a 
composite; 

heating and cooling said composi^te to anneal, said 
.heated and cooled composite comprising said composite 
20 metallization; and 

wherein said applying and establishing steps comprise 
non-unif ormly applying and establishing said base layer and 
first Intermetal 1 Ic layer so that In said hole portion, 
said base layer and first 1 ntermetal 1 ic layer have a cross 
25 section which tapers toward zero thickness in directions 

from a central region of said hole portion toward said side 
walls of said hole portion. 

9. A process for fabricating a composite metallization 
30 for semiconductor devices comprising: 

providing a semiconductor wafer having a major surface 
containing areas to be contacted by said composite 
metallization; 

covering said major surface with a pattern forming 
35 layer; 
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patterning said pattern forming layer to provide a 
hole portion and a lift-off portion, said hole portion 
comprising openings substantially coincident with said 
areas to be contacted and having side walls penetrating to 
5 said major surface, and said lift-off portion corresponding 
substantially to areas not to be contacted; 

establishing a first intermetallic conductive layer in 
said hole portion and over said lift-off portion of said 
pattern forming layer; 
10 forming a second intermetallic conductive and 

protective layer different than said first intermetallic 
layer on said first intermetallic layer; 

lifting-off said lift-off portion of said pattern 
forming layer and first superposed portions thereon of said 
15 first and second intermetallic layer; 

leaving Intact on said major surface a second 
superposed portion of said first and second Intermetallic 
layers corresponding substantially to said hole portion, 
said second superposed portion forming a composite; 
20 heating and cooling said composite to anneal, said 

heated and cooled composite comprising said composite 
metallization; and 

wherein said establishing step compri ses non-uni f ormly 
establishing said first Intermetallic layer so that in said 
25 hole portion, said first intermetallic layer has a cross 
section which tapers toward zero thickness in directions 
from a central region of said hold portion toward said side 
walls of said hole portion* 

30 10. A process for fabricating a composite metallization 
for semiconductor devices comprising: 

providing a semiconductor wafer having a major surface 
containing areas to be contacted by said composite 
metal 1 1 zati on ; 

35 coating said major surface with a first polycrys- 

talline semiconductor base layer; 
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covering said first base layer with a pattern forming 
layer; 

patterning said pattern forming layer to provide a 
hole portion and a lift-off portion, said hole portion 
comprising openings substantially coincident with said 
areas to be contacted and having side walls penetrating to 
said first base la^er, and said lift-off portion corres- 
ponding substantially to areas not to be contacted; 

applying a second polycrystal 1 i ne semiconductor base 
layer in said hole portion and over said lift-off portion 
of said pattern forming layer; 

establishing a first Intermetal 1 1c creating layer on 
said second base layer; 

forming a second i ntermetal 1 1c conductive and 
protective layer different than said first 1 ntermetal 1 i c 
creating layer on said first i ntermetal 1 1c creating layer; 

liftlng-off said lift-off portion of said pattern 
forming layer and first superposed portions thereon of said 
second base layer, said first 1 ntermetal 1 i c creating layer 
and said second i ntermetall ic layer; 

exposing as a result of said removing step, portions 
of said first base layer substantially underlying said 
lift-off portion; 

removing said exposed portion of said first base 
layer; 

leaving intact on said major surface a second super- 
posed portion of said first and second base layer, and 
first Intermetal 1 1c creating layer and second Intermetal 1 1c 
layer corresponding substantially to said hole portion, 
said second superposed portion forming a composite; 

heating and cooling said composite to react, said 
first intermetal 1 ic creating layer with portions of said 
second base layer to produce a first conductive inter- 
metallic layer and thereby forming with said second 
intermetallic layer and said first base layer said 
composite metallization; and 
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whereln said applying and establishing steps comprise 
non-unif ormly applying and establishing said second base 
layer and first i ntermet al 1 i c creating layer so that in 
said hole portion, said second base layer and first 
5 intermetall 1c creating layer have a cross section which 
tapers toward zero thickness in directions from a central 
region of said hole portion toward said side walls of said 
hole portion. 

10 11. A process for fabricating a composite metallization 
for semiconductor devices comprising: 

providing a semiconductor wafer having a major surface 
containing areas to be contacted by said composite 
metal 1 1 zati on ; 

15 covering said major surface with a pattern forming 

1 ayer; 

patterning said pattern forming layer to provide a 
hole portion and a lift-off portion, said hole portion 
comprising openings substantially coincident with said 
20 areas to be contacted and having side walls penetrating to 
said major surface, and said lift-off portion corresponding 
substantially to areas not to be contacted; 

applying a polycrystall i ne semiconductor base layer 
in said hole portion and over said lift-off portion of said 
25 pattern forming layer; 

establishing a first intermetallic creating layer on 
said base layer; 

forming a second intermetallic conductive and 
protective layer different than said first intermetallic 
30 creating layer on said first Intermetallic creating layer; 

llftlng-off said lift-off portion of said pattern 
forming layer and first superposed portion thereon of said 
base layer, said first intermetallic creating layer and 
said second intermetallic layer; 
35 leaving intact on said major surface a second 

superposed portion of said base layer, first intermetallic 
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creating layer and second intermetallic layer corresponding 
substantially to said hole portion, said second superposed 
portion forming a composite; 

heating and cooling said composite to react, said 
5 first intermetallic creating layer with portions of said 
base layer to produce a first conductive intermetallic 
layer and thereby forming with said second intermetallic 
layer said composite metallization; and 

wherein said applying and establishing steps comprise 

10 non-unif ormly applying and establishing said base and first 
intermetallic creating layer so that in said hole portion, 
said base and first intermetallic creating layer have a 
cross section which tapers toward zero thickness in 
directions from a central region of said hole portion 

15 toward said side walls of said hole portion. 

12. A process for fabricating a composite metallization 
for semiconductor devices comprising: 

providing a semiconductor wafer having a major surface 
20 containing areas to be contacted by said composite 
metal 1 i zati on; 

covering said major surface with a pattern forming 
layer; 

patterning said pattern forming layer to provide a 
25 hole portion and a lift-off portion, said hole portion 

comprising openings substantially coincident with said 

areas to be contacted and having side walls penetrating to 

said major surface, and said lift-off portion corresponding 

substantially to areas not to be contacted; 
30 establishing a first conductive intermetallic creating 

layer in said hole portion and over said lift-off portion 

of said pattern forming layer; 

forming a second intermetallic conductive and 

protective layer different than said first Intermetallic 
35 creating layer on said first intermetallic creating layer; 
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lifting-off said lift-off portion of said pattern 
forming layer and first superposed portions thereon of said 
first intermetall ic creating layer and said second 
intermetallic layer; 

leaving intact- on said major surface a second 
superposed portion of said first intermetallic creating 
layer and said second intermetallic layer corresponding 
substantially to said hole portion, said second superposed 
portion forming a composite; 

heating and cooling said composite to react said first 
intermetallic creating layer with portions of said surface 
to produce a first conductive intermetallic whereby said 
first intermetallic creating layer and said first and 
second 1 nt ermeta 11 i cs comprise said composite 
metallization; and 

wherein said establishing step comprises non-unif ormly 
establishing said first intermetallic creating layer so 
that In said hole portion, said first intermetallic 
creating layer has a cross section which tapers toward zero 
thickness In directions from a central region of said hole 
portion toward said side walls of said hole portion. 
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